Disrupted intracellular redox balance of the diplomonad fish parasite Spironucleus vortens by 5-nitroimidazoles and garlic-derived compounds.
The 5-nitroimidazole, metronidazole, has traditionally been employed in veterinary medicine to treat a range of infections including the diplomonad fish parasite Spironucleus. This study aims to determine the mode of action of metronidazole on Spironucleus vortens, including the specific mechanism of activation of the pro-drug and subsequent cellular targets of the drug metabolites. Due to the ban on use of metronidazole in the treatment of production animals in Europe and USA, garlic-derived compounds were also investigated as natural alternatives to metronidazole chemotherapy. Scanning electron microscopy (SEM) provided an overview of gross cellular damage caused by metronidazole and garlic derivatives. Proteomic analyses by 2D gel electrophoresis identified the proteins involved in specific covalent adduct formation with nitroimidazoles. Furthermore, thioredoxin reductase (TrxR) activity and non-protein thiol concentration were assayed in extracts of S. vortens before and after treatment with nitroimidazoles and garlic-derivatives. Metronidazole and garlic-derived compounds caused severe damage of trophozoites indicated by membrane blebbing and lysed cell debris. Analysis of the S. vortens proteome identified several proteins capable of specific nitroimidazole binding, including; uridine phosphorylase, enolase, protein disulphide isomerase, aminoacyl-histidine dipeptidase and malic enzyme. Of the compounds tested, metronidazole and the garlic-derived compound ajoene were the most effective at inhibiting TrxR activity and depleting non-protein thiols. These data suggest TrxR-mediated activation of nitroimidazoles, leading to depletion of non-protein thiols. Redox imbalance due to antioxidant failure is implicated as the mode of action of nitroimidazoles and garlic-derived compounds, ultimately leading to cell death. Possible synergy between garlic derivatives and metronidazole should be further investigated in vitro in order to determine their theoretical implications.